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Methane from Biomass- Overview
Biomass Gasification to Methane: Pilots running
 Pilot scale examples: ECN (NL), Güssing (AT)
 No heat integration possible between Gasifier and Methanation Reactor
 The high energy demand of the Gasifier requires air/O2 feed
Biomass Self-Gasification to Methane
 Gasifier and Methanation reactor combined into a higher-P/lower T gasifier
 Ash recycle
 Possible gas recycle
 Gas recycle rich in CO and H2
 High pressure feeding system a challenge
Self-Gasification
Process Alternative A: Once-through
Process Alternative B: Full syngas recycle
Process Alternative C: Partial syngas recycle
Model Parameters
Process Performance
Nanou P., van Swaaij W.P.M., Kersten S.R.A., van Rossum G., Energy Fuels 2011, 25, 4085-4094.
Heat Integration Analysis
Process Performance at 4 MJ/kg CO2
Wood Pyrolysis in TGA
Minerals in wood
(ash) catalyze the 
pyrolysis reaction
and produce higher
char yields
Gas flow: N2
dT/dt = 5oC/min
Steam Gasification of Wood Char in TGA
Minerals in wood
(ash) catalyze the 
steam gasification
reaction
Carbonates are considered
to be the reactive
intermediates
T = 700oC
PH2O = 1 bar
Nanou P., Gutiérrez Murillo H.E., van Swaaij W.P.M., van Rossum G., Kersten S.R.A., Chem. Eng. J. 2013, 217, 289-299.
Methane formation in a fixed bed
Packed Bed PCO
(bar)
PH2
(bar)
ΦCH4
(g/h)
EQ ΦCH4
(g/h)
Ni/Al2O3 2.0 6.6 4.5×10
-1 5.1×10-1
K2CO3 7.3 5.4 0.0 2.8×10
-1
wood char 7.8 6.3 2.8×10-2 3.1×10-1
wood char + K2CO3 7.8 5.9 2.2×10
-1 2.9×10-1
• Methane is produced close to equilibrium amounts
• Methane formation is catalyzed by K2CO3, but only 
when it exists in contact with carbon (char)
Biomass Self-Gasification to Methane
Conclusions
Model Results
• Methane can be produced via gasification and with high 
efficiencies (up to 66%)
• An autothermal gasifier is possible without use of O2/air at 
700°C and pressures of 20-35 bar
• Improved or new CO2 separation technology is needed with low 
energy requirements
Experimental Results
• Minerals/ash impregnated in biomass accelerate gasification at 
the targeted temperature (700°C) enough to establish self-
gasification
• K2CO3 in char catalyzes the formation of methane towards 
equilibrium amounts
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